Ac onvergent [3+ +2] block synthetic strategy was developed for the synthesis of the pentasaccharide repeating unit of the cell wall O-antigen of Escherichia coli O11s train in excellent yield in am inimum number of steps. Several suitably functionalized thioglycoside derivatives were used as glycosyld onors during the synthesis of the target compound. At hioglycoside was the glycosyld onor used to couple with another thioglycoside derivativei nahighly stereoselective manner exploiting the difference of their reactivity profile. Ac ombination of Niodosuccinimide (NIS) and perchloric acid supported over silica gel (HClO 4 ÀSiO 2 )w as used as at hiophilic glycosylation activator system in all stereoselective glycosylation reactions. HClO 4 À SiO 2 acted as au ser-friendly solida cid catalyst. Yields were very good in all glycosylations teps with ah igh stereoselective outcome. The synthetic pentasaccharide could be coupledt o an appropriate protein to furnish ag lycoconjugate derivative for its use in immunochemical studies.
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Diarrheali nfections are frequently encountered enteric diseases all over the world, particularly in developing countries that lack adequates anitation. [1] Gastrointestinal infections are the leadingc ause of death in children, the elderly,a nd immunocompromised patients. [2] Among severalb acterial speciesa ssociated with the enteric infections, Escherichia coli (E. coli)i sp redominant. [3, 4] Most commonly, E. coli strains are found as the commensal microorganism in the intestine with ab eneficial symbiotic relationship with the host. [5] However,s ome strains become virulent andc ause severals erious infections to the host. [6] In general,p athogenic E. coli strains are responsible for a) diarrheal infections; [3] b) urinary tract infections, [7] and c) sepsis/meningitides, [8] as examples. The diarrheagenic E. coli strains are divided into several subclasses based on the pathogenic nature of infections, [3, 6] such as a) enteropathogenic E. coli (EPEC), b) enterohemorrhagic E. coli (EHEC), c) enterotoxigenic E. coli (ETEC), d) enteroaggregative E. coli (EAEC), e) enteroinvasive E. coli (EIEC),e tc. Among the subclasses of diarrheagenic E. coli strains, ETEC is responsible for traveller's diarrhea [9] and enteric disorders in children and the immunocompromised, as well as for causing outbreaks. [10] Bacterial cell wall polysaccharide O-antigens play av ital role in the pathogenicity of the virulents trains. [11] As ac onsequence, several reports have appeared on the structural aspects of cell wall polysaccharides of various bacterial species. [12] [13] [14] Recently,P erapelove tal. reported [15] the structure of the pentasaccharide repeating unit of the cell wall O-antigen of E. coli O11, which is am ember of ETEC strains [3] and associated with diarrheal outbreaks. In the current scenario, bacterial infections caused by multidrug-resistant strains are as erious concern and require alternative approaches to conventional therapeutics for controlling the diseases. [16] Cell wall polysaccharides of bacterial strains have been used to develop polysaccharide conjugate vaccines against an umbero fb acterial infections. [17, 18] However,u se of polysaccharides isolatedf rom the natural sourcess uffers from several drawbacks such as a) handling of live bacterial strains for the production and collection of polysaccharides, b) batch-tobatch variationi nt he length of the polysaccharides,c )lack of adequate purity and presenceo fb iological impurities (e.g. lipids, nucleic acids), and d) tedious isolation protocols. In the recentp ast, it has been reportedt hat the use of chemically synthesized glycoconjugate derivatives could act as vaccine candidates similaro rs omewhat superior to the conventional polysaccharide vaccines. [19, 20] Therefore, it could be useful to develop glycoconjugate derivatives for their use as therapeutics to control diarrheal infections.T he first step fort he development of ag lycoconjugate is to develop an efficient chemical synthetic strategy for the synthesis of the oligosaccharide components.A sap art of the ongoingp rogram for the synthesis of complex oligosaccharides, ac onvergent synthetic strategy for the synthesis of the pentasaccharide repeating unit of the cell wall O-antigen of E. coli O11isr eported herein.
Since the target compound 1 contains four a-glycosidic linkages and one b-glycosidic linkagei nt he molecule, judiciously functionalized monosaccharide intermediates were chosen to couple them togetherw itha na ppropriate stereochemical outcome at the glycosidicl inkages. Application of as eries of sequentialg lycosylation reactions in am ultistep synthetic schemeo ften requires al arge number of reaction steps resulting in al ow overall yield. Alternatively, the number of steps can be decreased with the significant improvement of the overall yield by using ab lock glycosylation strategy. T approachw as adopted to achieve the target compound. As et of suitably functionalized monosaccharide intermediates 4, 5, [21] 8, [22] 11, [23] and 12 [24] werep repared from the reducing sugars,a pplying the reactionc onditions reportedi nt he literature (Figure 1 ). The trisaccharide acceptor 10 was synthesized using sequential glycosylations and protecting group manipulations using the monosaccharide intermediates 4, 5,a nd 8. The disaccharidet hioglycoside 13 was prepared by the glycosylation of two thioglycoside derivatives (11 and 12)i nw hich compound 11 acted as glycosyl donor, allowing compound 12 to act as glycosyl acceptor by tuning their relative reactivity profile. The trisaccharide acceptor 10 was allowed to couple stereoselectively with the disaccharide thioglycoside 13 under ar ecently reported glycosylation condition [25] to give the pentasaccharide derivative 14 in fairly good yield. The 2-aminoethyl group at the reducingt erminal of the pentasaccharide 1 could be used to conjugate the glycan moiety with an appropriate protein.
Stereoselective 1,2-trans glycosylation of 1,3,4,6-tetra-Oacetyl-2-azido-2-deoxy-a/b-d-galactopyranose( 2) [26] with 2-(Nbenzyloxycarbonyl)amino ethanol in the presence of borontrifluorided iethyletharate in acetonitrile utilizing the concepto f nitrile effect [27] of the solventi nb-glycosylation furnished compound 3 in 69 %y ield. As mall quantity (~10 %) of the 1,2-cis glycoside was also formed, which was separated by repeated columnc hromatography.A ppearance of ad oublet at d = 4.30 ppm (J = 8.0 Hz, H-1) in the 1 HNMR spectrum of compound 3 confirmed the formation of the 1,2-trans glycoside. Treatmento fc ompound 3 with sodiumm ethoxide [28] gave the de-O-acetylated product, which on treatment with benzaldehyde dimethyl acetal in the presence of p-toluenesulfonic acid [29] led to the formation of compound 4 in 76 %o verall yield. Iodonium-ion-mediated stereoselective 1,2-cis glycosylation of compound 4 with l-fucosyl thioglycoside donor 5 in the presence of ac ombination [25] of N-iodosuccinimide (NIS) and perchloric acid supported over SiO 2 (HClO 4 ÀSiO 2 ) [30] in am ixed solvent (CH 2 C-1 B ) , and 99.1 ppm (C-1 C )i nt he 13 CNMR spectra. The chloroacetylg roup in compound 9 was selectively removed [31] by the treatmentwith thiourea to give the trisaccharide acceptor 10 in 70 %y ield without affecting the benzoyl group present in it (Scheme 1).
In anothere xperiment, stereoselective orthogonal glycosylation [32] of thioglycoside 11 and thioglycoside 12 in the presence of ac ombination [25] of NIS and HClO 4 ÀSiO 2 in am ixed solvent (CH 2 Cl 2 ÀEt 2 O; 1:4) afforded the disaccharide thioglycoside derivative 13 in 68 %y ield. The presence of ab enzylg roup at the C-2 position of compound 11 improved the nucleophilicity of the anomeric sulfur atom, whereas the azido group at the C-2 position of compound 12 together with the tolyl moiety linked to the sulfur atom deactivated the nucleophilicity of the anomeric sulfur atom. As ar esult, compound 11 was activated faster than compound 12 in the presence of the thiophilic activator and behaved asaglycosyl donor.H aving ah ydroxy group presenti nt he molecule, compound 12 played the role of ag lycosyl acceptor. The spectral analysis of compound 13 confirmed its formation: signals at d CNMR spectra.F inally,g lycosylation of the trisaccharide acceptor 10 with the disaccharide thioglycoside donor 13 in the presence of ac ombination [25] of NIS and HClO 4 www.chemistryopen.org group transformations consistingo fa )direct conversion of azido group into acetamidog roup using thioacetic acid, [33] b) removal of O-benzoyl group using sodium methoxide, and c) removalo fb enzyle thers and benzylidene acetal by catalytic transfer hydrogenation [34] using triethylsilane in the presence of Pd(OH) 2 ÀCt og ive the target pentasaccharide 1 as its 2-aminoethyl glycoside in 54 %o verall yield. The structure of compound 1 was unambiguously confirmed from its spectralanalysis:s ignals at d In summary,apentasaccharide corresponding to the repeating unit of the cell wall polysaccharide of E. coli O11w as synthesized in good yield using ac onvergent[ 3 + +2] block glycosylation approach. During the synthesis of the target molecule, similar reactionc onditions were used in all intermediate glycosylation reactions teps with satisfactory yield and stereoselectivity.Astereoselective glycosylation was carried out between thioglycoside donor and thioglycoside acceptor by tuning their relative reactivity profile.
Experimental Section
For details of the experimental conditions and characterization data for the compounds reported, see the Supporting Information.
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